Abstract
Introduction
The learning environment in primary classrooms provides a psychologically safe, secure and stimulating climate for children. This is further sustained when creative educational processes evolve, like those in music education. Primary school music educators aim at bringing the world of sound into the classroom, so every child has the opportunity to play music, to listen to music and to create their own music. The listening skills developed in music lessons are relevant and of great benefit to children throughout the whole curriculum, not just in music lessons. The creativity and problem solving skills children develop as they make their own musical compositions are vital to creating a well-rounded child able to perform confidently in the 21 st century [1] . In the last decade, the use of information and communication technologies (ICT) in schools is commonplace and, for many teachers, an unquestionable part of everyday teaching and learning. In the case of music education, ICT-based education means (e.g., music performing software, computer-based music lessons, multimedia, etc) have been proposed, providing new ways of access, opening up new musical experiences and even enhancing teaching, in general [2] .
Although sound is the aural information carrier, the auditory processing capabilities of children have often been neglected and not considered within a pedagogical framework, despite the possible effect of auditory processing disorders (APDs) in pupils' music appreciation and learning. APD is a complex problem affecting about 5% of school-aged children. These kids cannot process the information they hear in the same way as others because their ears and brain do not fully coordinate. Something adversely affects the way the brain recognizes and interprets sounds. Children with APD present deficiency in sound localization-lateralization, auditory discrimination, auditory pattern recognition, temporal aspects of audition, difficulty with competing signals and/or difficulty with degraded acoustic signals [3] . It is often hard to find an etiological basis for APD in a particular deficit; some etiologies include neurological compromise, cognitive deficit, language [4] or auditory deprivation [5] . The American Academy of Audiology consensus document [6] describes comorbid disorders in APD and proposes differential diagnosis of APD.
In the view of the above, some educational implications that derive from the results of an APD test-case in the primary school are presented and discussed here.
Material & Methods
One hundred children [25 (9 yrs; 11 boys; 14 girls), 25 (10 yrs; 11 boys; 14 girls), 25 (11 yrs; 14 boys; 11 girls), 25 (12 yrs; 13 boys; 12 girls)] from three public primary schools in Thessaloniki, Greece, were involved in an APD test-case study. A duration pattern sequence (DPS) test, i.e., a 3-tone sequence of short (s) and long (l) 
APD Test-case Results
All the variables were found to follow non-Gaussian distribution (tested with the Kolmogorov-Smirnov test with Lilliefors significance correction); hence percentiles instead of means and standard deviations were used. Medians and percentile range per pupils' grade are presented in Fig 1. The latter denotes that age affects pupils' auditory processing, as variation in auditory scores is noticed for the transition from 9 to 12 years. Furthermore, the statistically significant decrease (Kruskall Wallis nonparametric test) of the R/(L+R) scores for the age of 11 yrs (5 th grade) it is noteworthy. Moreover, the reversal score is kept low and almost constant for all the stimuli. DPS differences between R and L ears were not statistically significant. Finally, a high correlation value (Spearman 0.59; p<0.01) was found between the R and L scores for pupils of 10 yrs.
Implications
From the above DPS test results it is clear that APD could be related with one of the basic characteristics of music, i.e., rhythm. Rhythmic motives (cells) could clearly be seen as musical metaphors of the 3-tone patterns. Consequently, based on the age effect in the audio processing, specific caution could be placed in the manipulation of musical examples for different grades, containing rhythmic cells that form more complex patterns. Furthermore, low values in reversal score indicate the efficiency of most of the children to identify subtle variations of the tones duration; hence, to recognize rhythmic variations, even in its 'primitive' form. Additionally, the equal sensitivity of pupils in L/R facilitates the recognition of spatial music gestures (e.g., panning, surround, etc), whereas, the age of 10 yrs seems to be more effective to appreciate spatial changes. These observations could be reflected in ICT-based music applications. In particular, computerbased ear training could incorporate DPS-type test, providing APD quantitative results and improvement indicators to the educators in an objective fashion. Computer music games, which combine playing with music learning, could initiate and sustain targeted auditory processes (e.g., rhythm/melody/lyrics comprehension) during the game. In all cases, ICT embedded in the primary music education could support a customization to the accessibility and usability needs of both disabled and non-disabled pupils. 
